Abstract The effects of diatomite, activated clay and acticarbon on the decolorization of orange essential oil were investigated. Single factor and orthogonal tests were performed to determine the optimum discoloring conditions. The results showed that the activated clay exhibited the most satisfactory effect on discoloring. Then it was used as the decolorizer for the decolorization of orange essential oil. The highest decolorization rate (84.5%) was obtained using 10% activated clay at 60°C for 30 min. The contents of oxygenated compounds (linalool and citral) increased from 1.4 to 3.1% after decolorization. Sensory assessment revealed that the orange essential oil after decolorization using activated clay had a mellow and characteristic orange aroma. Chromaticity analysis showed that it had excellent transparency and yellow color under the optimized condition. Thus, decolorization with activated clay could maintain the quality and prolong the storage of orange essential oil.
Introduction
Orange, also known as yellow fruit, golden globe, and golden orange, is a citrus fruit that belongs to the Rutaceae subfamily. Oranges, by virtue of their nutritional value and desirable flavor, are accepted widely by consumers. They are mainly utilized as fresh fruit, juice, salads and etc. In addition, they provide valuable essential oils. Essential oils of Citrus spp. are widely used worldwide; these oils provide antimicrobial effect against bacteria and fungi [2, 12] . Natural orange essential oil, which exhibits a fresh orange flavor, is used to alleviate insomnia caused by anxiety and relieve tension and pressure. This essential oil is also used to prevent colds, promote collagen formation, and balance the pH of the skin. Citrus essential oils are obtained through mechanical extraction and extensively used in food (beverage and sweets), cosmetics, and pharmaceutical products because of their fragrance and flavor [1] .
Essential oils contain abundant monoterpenes, and they are used as food preservatives and functions as natural antioxidants against certain cancers. Dietary monoterpenes exhibit antitumor activity and thus prevent the formation and progression of cancer. Limonene and perillyl alcohol confer protection against different cancer types [13] . Limonene is unstable under light and heat and can be easily oxidized, thereby reducing the quality and aroma of orange essential oil. Moreover, oils contain 1-10% oxygenated compounds which are the main aroma source of orange essential oil [6, 8, 16, 18] .
Most non-decolorized essential oils in China exhibit the original deep yellow color. In this regard, the color quality of orange essential oil must be improved to satisfy global requirements. Decolorization can decrease the amount of color pigments produced by compounds such as carotene, carotenoid, xanthophyll, and chlorophyll in oil to the acceptable levels [27] . Discoloration and purification of orange essential oil are mainly conducted to: (1) decrease the deterioration rate of essential oil and prolong its storage by removing terpene hydrocarbons; (2) increase the proportion of oxygenated compounds and enhance the intensity of orange essential oil aroma; and (3) improve the color quality of the essential oil. This study aimed to investigate the effects of diatomite, activated clay and acticarbon on the decolorization of orange essential oil. Single factor and orthogonal tests were performed to determine the optimum discoloring conditions. Gas chromatography-mass spectrometry (GC-MS), chromaticity analysis, and sensory evaluation were used to assess the decolorization effects.
Materials and methods

Materials
Orange essential oil used in this work was provided by Qu Gu Food Co., Ltd (Zigui, China). It was extracted by cold grinding method, and then it was treated with a three-phase separation centrifuge in the factory. After the essential oil was sent to the laboratory, it was dried over using anhydrous sodium sulfate and was stored at 4°C. Diatomite, activated clay, and acticarbon were purchased from Xuyi Xinyuan Technology Co., Ltd (Nanjing, China). Table 1 shows the physicochemical properties of activated clay and acticarbon. Diatomite, which consists essentially of amorphous silica (SiO 2 ÁnH 2 O) has highly porous structure, low density and high surface area. And ethanol was purchased from Chinese Medicine Group Chemical Reagent Co., Ltd (Xuyi, China). Standard solutions of linalool, citral, and D-limonene were obtained from Sigma Chemical Company (Saint Louis, MO, USA). Tartaric acid and glucose syrup were acquired from Hualin Chemical Co., Ltd. (Nanjing, China) and Wanda Food Additive Co., Ltd (Beijing, China), respectively.
Decolorizer and single-factor test
The adsorption and decolorization effects of diatomite, activated clay, and acticarbon on orange essential oil were compared to select the most suitable decolorizer. A certain amount of the decolorizer was added to 20 mL of orange oil, and the mixture was placed in a thermostatic water bath at 70°C for 20 min. The sample was then filtered to obtain a pellucid discoloring solution of orange essential oil. Decolorization rate was calculated under ultraviolet spectrophotometer after filtering, and the decolorization effect was then assessed.
A single-factor experiment was conducted using three parameters: amount of decolorizer, discoloring time, and discoloring temperature. Each parameter was tested in triplicate.
Optimization of decolorization conditions
Decolorizer amount, decolorization temperature, and decolorization time were determined through orthogonal test, which was based on the single-factor experiment. Decolorization rate was considered as the evaluation index. The discoloring conditions for orange oil were then optimized.
Calculation of decolorization rate
Absorption at 424 nm was determined in the preliminary experiment through UV spectrophotometer (Pharmaspec UV-1700, Shimadzu, Kyoto, Japan) of orange oil. Absorbance of the orange oil diluent at 424 nm was compared before and after the discoloration. Decolorization rate was then calculated using changes in the maximum absorbance (A) with the following formula: Decolorization rate % ð Þ ¼ AÀB ð Þ=A Â 100 where A, was the absorbance of orange essential oil at 424 nm before the discoloration; B, was the absorbance of orange essential oil at 424 nm after the discoloration.
Gas chromatography-mass spectrometry analysis
Essential oils were subjected to an Agilent 6890N GC coupled with an Agilent 5975B mass spectrometer (Agilent Technologies, Palo Alto, CA, USA) and equipped with a J&W HP-5MS fused silica capillary column (30 m 9 0.25 mm i.d., 0.25 lm-thick film). The mass spectrometer was operated in the electron ionization mode at a voltage of 70 eV. The flow rate of helium in the HP-5 column was 1.2 mL/min. A 0.75 mm liner was used, and analysis was performed in the splitless mode and the injector temperature was 250°C. The column was held at 40°for 1 min, increased from 40 to 220°C at 6°C/min, held at 220°C for 1 min, and increased to 250°C at a rate of 30°C/min. Quantitative determination was conducted using the external standard method. Standard curves of linalool, citral and D-limonene were determined and used to calculate their contents from the GC-peak areas. The standard curves of the aroma compounds were established by the linear relationship between a series of concentration gradients of aroma compounds (n 9 1/6, n 9 2/6, n 9 3/6, n 9 4/6, n 9 5/6, n 9 6/6, n 9 7/6 (n = 50 lg/mL)) and their GC peak areas. The equations of the standard curves of 3 aroma compounds were: D-limonene (y = 2 9 10 8 x ? 9 9 10 8 , R 2 = 0.995), citral (y = 1 9 10 9 x ? 3 9 10 8 , R 2 = 0.999), linalool (y = 1 9 10 8 x ? 7 9 10 7 , R 2 = 0.996). The contents of linalool, citral and D-limonene were calculated according to the standard curves and then it was expressed as % in order to obtain the percentages of these three aroma compounds in the oil samples.
Color analysis
The parameter a*, which ranges from -80 to ? 80, takes positive and negative values for reddish and greenish colors, respectively. Whereas b*, which ranges from -80 to ? 80, takes positive and negative values for yellowish and bluish colors, respectively. L* is the estimated value of the relative luminosity, which ranges from black (L* = 0) to white (L* = 100) [7, 28] . L*, a* and b* were determined using a Hunterlab Ultrascan XE colorimeter. A glass utensil containing the same quantity of samples was placed at the light port (50 mm in diameter). The values were read directly by the colorimeter.
Sensory evaluation
Sensory analysis was conducted by 11 assessors from the College of Food Science and Technology, Huazhong Agricultural University who were appropriately trained before the evaluation according to the guidelines of the ISO 8586-1 (1993) and have passed the screening tests, in order to familiarize the sensory attributes of the essential oil and to improve their ability to recognize, identify and quantify the appearance, aroma, color, and taste of the essential oil samples.
Each sample (5 mL) was placed in a 10 mL coded flask for aroma testing. Approximately 2 cm of the extremity of the fragrance blotter paper (142 mm 9 6 mm) was immersed in the respective juices for 0.5 min and then presented to the assessors.
A taste medium (sugar-acid-water solution) were prepared by mixing 0.3 mL of 50% citric acid solution with 250 mL of 68°Brix Ce syrup and 750 mL of water. The medium was then mixed with the crude oil and orange oil discolored by activated clay, acticarbon, and diatomite, respectively. The assessors were asked to taste each sample and identify those with satisfactory and unsatisfactory taste. The assessors should use warm water for rinsing after tasting a sample to prevent any effect on the taste of the next sample.
All sensory tests were conducted in triplicate at room temperature. Intensity was evaluated on a scale of 1-9 (1 = very weak intensity, 3 = weak intensity, 5 = moderate intensity, 7 = strong intensity, and 9 = very strong intensity). The results of the sensory profile analysis were averaged for each parameter and then plotted in a spider web diagram.
Statistical analysis
The difference among groups was subjected to one-way ANOVA using the SPSS 19.0 for Windows (SPSS Inc., Chicago, USA) to determine statistical significance. The mean and standard deviation of the parallel experiments and the external standard method were determined using Excel 2010 (Microsoft Inc., City of Seattle, USA).
Results and discussion
Effect of different decolorizers on the decolorization effect on orange essential oil
The results showed that activated clay exhibited the best effect on decolorization with a decolorization rate of 74.3%, whereas the effect of acticarbon on the decolorization was the worst among these three decolorizers Study on the optimization of the decolorization of orange essential oil 931
with a decolorization rate of 27.4%. And the decolorization rate of diatomite was 54.8%. In this study, activated carbon presented the optimal decolorization performance; and previous study also showed that acid-activated bentonites were the most effective in removing color from refined oils [15] . Activated clay contains bentonite clay, and it exhibits high adsorption capacity for carotenoids and other pigments of orange essential oil, thereby it could improve the oxidation parameters and the sensory quality of the oil [19, 22, 23] . Activated clay is also an efficient material used for the decolorization of crude oil [3, 20] .
Effect of different decolorizers on the aroma compositions of orange essential oil
The aroma composition of orange essential oil was determined by GC-MS analysis. The contents of limonene, citral, and linalool were calculated according to the standard curve. Orange essential oil contained high amounts of limonene (94%) and low quantities of oxygenated compounds, such as citral (0.4%) and linalool (0.98%). This result is in accordance with the findings of previous studies that limonene was about 94%, citral 0.14%, and linalool 0.89% in orange essential oil [24, 26] . The effect of different decolorizers on the aroma compositions of orange essential oil is shown in Fig. 1(A) . The highest limonene content was found in orange essential oil discolored by diatomite, followed by acticarbon and then activated clay. Moreover, the highest amounts of citral and linalool were detected in orange oil discolored by activated clay, followed by diatomite and then acticarbon. This indicated that the effect of the activated clay on the retention of the oxygenated compounds in orange essential oil during decolorization was the optimal among these three decolorizers.
Effect of different decolorizers on the chromaticity of orange essential oil
The initial L*, a*, and b* values of orange essential oil were 50.7, 11.7, and 56.8, respectively. The CIELAB coordinates exhibited dark brown color, which can be attributed to pigments such as carotenoids [11] . Different types of decolorizers significantly influenced the L* and b* values [ Fig. 2(A) ]. The highest L* value was obtained when the oil was decolorized by activated clay, followed by diatomite and then acticarbon. L* is a brightness index and ranges from 0 (black) to 100 (white). Therefore, the highest brightness was found in orange essential oil discolored by activated clay, followed by diatomite and then acticarbon. Furthermore, a* and b* are color quality indices. And a* represents the red-green dimension and ranges from -80 (green) to ? 80 (red), whereas b* represents the yellow-blue dimension and ranges from -80 (blue) to ? 80 (yellow). The highest b* value was detected in orange oil discolored by activated clay and was found to be within the range of 60-70, which showed a yellowish color. The highest a* value was observed in orange essential oil discolored by diatomite and was found to be within the range of 10-20, which showed a reddish color.
Sensory evaluation of essential oil treated by the three decolorizers
The results of the sensory evaluation of the essential oil treated by the three decolorizers are shown in Fig. 3 . The assessors rated the quality of orange essential oil discolored by activated clay as the most satisfactory, followed by diatomite. All of the p values of each sample were less than 0.001.
The given marks by assessors were reflected in the axis of the corresponding index in the radar graph (Fig. 3) . The highest scores for appearance, color, and aroma were found in orange essential oil discolored by activated clay. And the highest score for taste was found in crude orange essential oil. This finding indicated that the quality of orange essential oil discolored by activated clay was the best. Hence, activated clay was the most suitable decolorizer for orange essential oil.
Effect of activated clay concentration on the decolorization of orange essential oil
The results showed that the concentration of activated clay affected the decolorization. As shown in Fig. 4(A) , the decolorization rate initially increased and then decreased as the amount of activated clay increased from 6 to 12%. The decolorization rate reached to the highest level of 74.2% when the amount of activated clay was 10%. The decolorization rate increased more significantly when the amount of activated clay was within 8-10% than that within 6-8%. This finding indicated that high amounts of activated clay could improve the decolorization effect. Rossi et al. [21] studied the role of activated clay in removing pigments, and the result showed a clear dependence of pigment reduction on clay concentration. Similarly, Dubravka et al. [4] found that high clay content enhanced the removal of impurities in oil. However, the decolorization rate rapidly decreased to 63.3% when the amount of activated clay increased to 12%. Hence, the amount of activated clay should be controlled in a certain amount. Additionally, the excessive use of activated clay can also cause environmental problems because of increased landfill disposal [10] . Therefore, the most suitable amount of activated clay should be 12%.
Effect of temperature on the decolorization effect of orange essential oil
Physical and chemical characteristics changes, as well as energy exchange, occurred during adsorption and decolorization. The effect of temperature on the decolorization rate was studied using 10% activated clay for 20 min [ Fig. 4(B) ].
As shown in Fig. 4(B) , the decolorization effect decreased significantly at relative high or low temperature. It initially increased and then decreased with the increased of the temperature from 55 to 70°C. The decolorization rate reached the maximum value at 60°C and then decreased at temperatures exceeding 60°C. This result could be attributed to the pigment adsorption by the decolorizer, and this reaction was determined as exothermic. This process hindered pigment adsorption and induced the original colorless chromogen to form a new pigment, which is difficult to be removed at high temperatures. It is reported that the effective decolorization temperatures for soy and palm oils were 110°C [17, 25] , respectively. And the optimal decolorization temperature was at 60°C with the decolorization rate of 80%.
Effect of time on the decolorization of orange essential oil
The heating time also influenced the decolorization rate of orange essential oil. A single-factor experiment was performed to determine the optimal decolorization time by controlling other conditions. The experiment was performed at 60°C by using 10% activated clay to determine the most effective decolorization time [ Fig. 4(C) ].
As shown in Fig. 4(C) , the decolorization rate increased with the increase of decolorization time from 20 to 30 min. This finding indicated that the increase of the decolorization time was conducive for decolorization of orange essential oil using activated clay. However, decolorization rate decreased when the decolorization time exceeded 30 min. The decolorizer and oil could easily come in full contact, and this hastened the speed of mass exchange. Consequently, the decolorization effect became evident [5] . A part of the pigment in orange essential oil will be desorbed with the increase of the decolorization time. In addition, the adsorption of activated clay could accelerate the oxidation of several components in orange essential oil, and this led to the formation of a deep color [25] .
Therefore, the most effective decolorization time for the orange essential oil using activated clay was 30 min.
The optimization of decolorization conditions using activated clay A 4 3 factorial design was used to determine the optimum decolorization conditions through a single-factor experiment with three experimental factors, namely, temperature (A), time (B), and amount of activated clay (C). A factorial experimental design including 16 runs was performed, in which each variable was set at four levels: 55, 60, 65, and 70°C for temperature; 6, 8, 10, and 12% for amount of activated clay; and 20, 25, 30, and 35 min for time. Decolorization rate of the orange essential oil using activated clay was set as the index. The results are shown in Table 2 . Table 2 showed that decolorization temperature significantly influenced the experimental results compared with decolorizer amount and decolorization time. K values showed the following trends:
Thus, the most suitable decolorization temperature, amount of Fig. 3 Sensory evaluation of essential oil treated with the three decolorizers activated clay, and decolorization time were 60°C, 10%, and 30 min, respectively. And the decolorization rate was 84.5% under the optimized conditions. Fan et al. [5] reported that the optimum decolorization conditions for sesame oil were the use of 3% activated clay at 80°C for 30 min. In the present study, the optimum decolorization conditions were as follows: decolorization temperature 60°C, activated clay amount 10%, and time 30 min.
Temperature (A) significantly influenced the decolorization effect of the orange essential oil, whereas amount (C) and time (B) showed insignificant effects. The significance of the effects of these parameters could be arranged in the following order: temperature [ amount of activated clay [ time.
Effect of temperature on the aroma compositions and chromaticity of orange essential oil treated with activated clay As shown in Fig. 1(B) , limonene content in orange essential oil discolored by activated clay decreased significantly as the temperature increased from 55 to 60°C and then increased significantly as the temperature further increased from 60 to 65°C. And then it increase slowly when the temperature increased from 65 to 70°C. The lowest limonene content in orange essential oil discolored by activated clay was found in the sample heated at 60°C. The changes in citral and linalool contents in orange essential oil were similar. The contents increased first and then decreased with increase of temperature.
As shown in Fig. 2(B) , heating temperature minimally influenced the a* value. Meanwhile, the b* value increased when the temperature increased from 55 to 60°C and decreased at temperatures exceeding 60°C. Therefore, the b* value was the highest at 60°C. And the color of the orange essential oil exhibited the strongest bias toward yellow at this temperature. Moreover, the L* value reached the maximum at 60°C, at which the brightness of orange essential oil was the highest.
Effect of activated clay concentration on the aroma compositions and chromaticity of orange essential oil
As shown in Fig. 1(D) , the decolorizer concentration minimally influenced the content of oxygenated compounds, which increased slowly as the activated clay amount increased from 6 to 10%. However, the content of oxygenated compounds decreased when the activated clay concentration further increased from 10 to 12% and reached the highest value when the concentration was 10%. By contrast, changes in the concentration of activated clay significantly affected limonene content in orange essential oil. Limonene content decreased continuously as the amount of activated clay increased from 6 to 10% and then increased rapidly when the amount increased from 10 to 12%. Furthermore, the lowest limonene content was found in the sample added with 10% activated clay.
As shown in Fig. 2(D) , the concentration of activated clay minimally influenced the L* and b* values in the chromaticity of orange essential oil. Both the L* and b* values were very high when the clay amount was 10%. Moreover, the influence of different amounts of the decolorizer on the a* value was not significant. When 10% activated clay was added, the a* value was significantly lower than those in other cases. In summary, the brightness of orange essential oil was high with a strong bias toward yellow and a low bias toward red after the addition of 10% activated clay. The lowest limonene content and the highest linalool and citral levels were observed in the sample added with 10% activated clay and heated at 60°C for 30 min. Limonene is unstable under light and heat and could be easily oxidized, leading to reduced quality and aroma of orange essential oil. Whereas, linalool and citral belonged to oxygenated compounds and they are the main aroma sources of orange essential oil [6, 8, 14, 16] . This indicated that the highest linalool and citral levels and the lowest limonene content led to the highest oil quality and stability. Therefore, the highest oil quality and stability was found in orange essential oil samples discolored under the optimized conditions.
As shown in Fig. 2(C) , the a* value was slightly higher, whereas the b* value fluctuated considerably and was significantly higher when heated for 30 min than those in other treatments. By contrast, changes in the L* value was relatively slow and reached the maximum value after heating for 30 min, during which the brightness of orange essential oil was the highest. Color stability of crude and discolored orange essential oil treated with activated clay
The chromaticity values of orange essential oil discolored by activated clay and crude orange oil were measured during a 10 days' storage. The effect of decolorization using activated clay on the storage duration of orange essential oil was also investigated. As shown in Fig. 5(A) , the chromaticity values of crude orange essential oil changed slowly. Changes in the chromaticity value were significant at prolonged storage. This indicated that long-term preservation of orange essential oil could induce significant color changes. However, Fig. 5(B) showed that changes in the chromaticity values of orange essential oil discolored by activated clay was minimal during prolonged storage. This finding indicated that decolorization with activated clay could maintain orange essential oil color and prolong its storage.
Optimizing the decolorization condition of oil samples could lead to the production of yellowish oils, whereas the color intensity of the oil decreased after the chroma reduction [9] . As shown in Fig. 2(A) , the highest L* and b* values were found in the orange essential oil discolored by activated clay. This finding indicated that color quality was the most satisfactory when activated clay was used. Therefore, activated clay was the most suitable decolorization agent. As shown in Fig. 2 , orange oil showed the highest brightness and the most yellowish color when the activated clay amount, heating time, and temperature were 10%, 30 min, and 60°C, respectively; hence, the most satisfactory color quality can be obtained under this condition.
In conclusion, the most effective decolorization rate (84.5%) was obtained when using 10% decolorizer at 60°C for 30 min. Moreover, orange essential oil discolored by activated clay exhibited a mellow and characteristic orange aroma, with satisfactory appearance and taste.
Under the optimized condition, the content of limonene, which belongs to terpene hydrocarbons, decreased from 94.4 to 22.1%, whereas the linalool and citral contents increased from 1.4 to 3.1%. Furthermore, discolored oil exhibited the highest color quality and excellent transparency, with a yellow color similar to the original sample. Therefore, decolorization using activated clay could maintain the quality of orange essential oil and prolong its storage duration.
